Abstract. The intrinsic oxygen fugacities of homogeneous, inclusion-free, megacryst ilmenites from the Frank Smith, Excelsior, Sekameng and Mukorob kimberlite pipes in southern Africa, and the aln6itic breccia in the Solomon Islands have been determined. Similar measurements have been made of the type A and B spinel peridotites from San Carlos in Arizona. The type A peridotites are characterised by oxygen fugacities close to the iron-wiistite buffer, similar to those of equivalent peridotite specimens from other continental and island arc environments. In strong contrast, the type B peridotites and all of the ilmenite megacrysts range between the oxygen fugacities defined by the nickelnickel oxide and fayalite-magnetite-quartz buffers. A close relationship between type B peridotites, oxidized metasomatizing fluids in the upper mantle and oxidized, silicaundersaturated magma types is suggested. It is unlikely that a solid elemental carbon phase can be an equilibrium crystallization product of kimberlite magmas if the ilmenite megacrysts represent the redox state of kimberlite melts. The ultimate source of the oxidizing fluids and the development of such a wide dispersion (> 4 orders of magnitude) in oxygen fugacities of the upper mantle is not clear, but may involve recycled lithosphere, fluids from the lower mantle or result from the relatively rapid diffusion of H2, compared with other potential volatile species, in the mantle.
Introduction
The oxidation state of the upper mantle reflects the variety of processes that have occurred since mantle formation about 4.5 Gyr ago. For example, protocore-mantle equilibrium, meteorite bombardment, magma extraction and infiltration, metasomatic fluxing and lithosphere recycling may all have combined to impose distinctive intrinsic oxygen fugacity (102) signatures on specific mantle materials.
Up until the application of direct measurement of intrinsicfO2's of upper mantle-derived materials, most petrologists and geochemists had assumed that the oxidation states of volcanic gas species and thefOz-T relationships of erupted lavas closely reflect the fO2 of their source regions in the mantle (Haggerty 1978; Ringwood 1979) . Sato (1972) demonstrated that some volcanic and hypabyssal rock types (1981) showed that spinels from peridotite and megacryst assemblages found associated with alkali basaltic/basanitic explosive activity are close to IW infO 2 -T space. In order to account for the discrepancy (~-4 orders of magnitude) between the oxidation states displayed by most erupted volcanics (close to the fayalite-magnetite-quartz (FMQ buffer), and the reduced states found in upper mantle-derived rock types, Sato (1978) suggested that H2-1oss from the melts must have occurred en route from source to surface eruption. This general mechanism had previously been advocated by Osborn (e.g. 1969) as an explanation for the low-Fe or oxidized trend of calcalkaline volcanic suites compared with the high-Fe (comparatively reduced) trend of differentiation found in some tholeiitic suites. Arculus and Delano (1981) accepted the hypothesis of H2-1oss as a possible explanation for the strong divergence in intrinsicfO 2 values of spinel peridotites and erupted lavas, but pointed out the obvious anomaly that very few volcanic rock types preserve intermediate oxidation states between FMQ and IW. Some scatter of oxidation states might be anticipated as a function of the degree to which H2-1oss had progressed, perhaps as a further consequence of speed of ascent from the upper mantle to the surface and original dissolved H20 contents.
However, there are some observations that conflict with the hypothesis of Hz-loss as a general process capable of accounting for the comparatively oxidized state of terrestrial volcanics. For example, the persistent association of carbonate with deep-seated kimberlitic and nephelinitic volcanism, and the oxidation states of upper mantle source regions calculated from the assumption of thermodynamic equilibrium between phenocryst phases in erupted melts and source mineralogies all point to intrinsic fO 2 values close to FMQ (Mitchell 1973 (Mitchell , 1975 Mo et al. 1982; cf. Carmichael and Nicholls 1967) .
It is possible to calculate thefO 2 of upper mantle peridorite assemblages with equilibria of the type 6FezSiO 4 + 0 2 = 3Fe2SizO 6 + 2Fe30 4 (eg O'Neill et al. 1982) . Depending on the solution model adopted for the spinel phase, values ranging from IW to FMQ have been determined for specific nodule assemblages (O'Neill and Wall in prep.), with the Fe3+-poor peridotites from San Carlos (Frey and Prinz 1978) giving calculated values at the reduced end of this range. Intriguingly, calculated fO 2 values do not coincide with intrinsicfO 2 measurements for the same samples and (1983) . The consistent reproduction of highly precise and accurate data (as compared with gas equilibrium, thermogravimetric and themaodynamic calculation) for the free energies of fomaation of well-studied oxides (e.g. NiO, CoO and Fe 1 x O -see Ulmer et al. 1976 , Holmes and Arculus 1982 and in prep.), does not lend support to the possibility that the solid electrolyte cells used in intrinsicfO z measurements are systematically in error. In order to account for the more reducedfO 2 values measured in peridotite assemblages than those calculated using standard thermodynamic data and solution modelling, it is proposed that limited non-stoichiometry (cation excess) is present in spinels in peridotites. This defect structure may have such a low density as to be undetectable with standard electron microscopy (J.M. Fitzgerald, pets. comm.). However, the reproducible upand-down temperature cycling displayed by peridotite and megacryst spinel phases (Arculus and Delano 1981) is unlike the behaviour predicted for cation excess spinel solutions by Arag6n and McCallister (1982) . Nevertheless, there seems to be no reason to discount the intrinsicfO 2 measurements obtained with single or poly-phase peridotite assemblages using solid electrolyte cells.
In an endeavour to explore further the range of oxidation states extant in the upper mantle, we have determined intrinsicfOz's of spinel peridotite samples from Japan (Arculus and Gust 1981) and magnetite-bearing plutonic cumulates associated with strongly alkaline basaltic activity in eastern Australia (Arculus and Wass, in prep.) . In this paper, we report the results obtained for intrinsicfO z measurements on megacryst ilmenites found in kimberlite and aln6itic breccia pines, and type A and B spinel peridotites from San Carlos in Arizona. Type A peridotites have also been called "chrome diopside type" or type I peridotites, and type B are known also as "aluminous augite type" or type II peridotites (Wilshire and Shervais 1975) .
Experimental methods and sample description
Oxygen-specific, YzO3-stabilized ZrO 2 solid electrolytes were employed in the measurements. The electrolytes are manufactured by Ceramic Oxide Fabricators of Eaglehawk, Victoria (Australia). The apparatus is essentially as described by Arculus and Delano (1981) with minor modifications. Pure argon (Commonwealth Industrial Gases Special Grade) was allowed to fill the sample-containing cell, rather than the complex and time-consuming compatible CO-CO 2 gas mix procedure described by Arculus and Delano (1981) . Repeated checks and calibration with standard metal-metal oxide assemblages show no significant deviation from accepted T-fO 2 values for these assemblages in the temperature range of 900-1,400 ~ C. Temperatures are reproducible to within I-2 ~ C, and loglofO 2 values to better than _+ 0.05 units.
Ilmenite samples were obtained from kimberlite pipes in southern Africa and the aln6itic breccia on Malaita, Solomon Islands (Nixon and Boyd 1979) . Polished sections of megacrysts were examined and microprobed to test for homogeneity and freedom from inclusions of extraneous material. In some samples, coatings and veins of the kimberlite host (e.g. serpentine, calcite and perovskite) were found, and this type of material was handpicked to avoid inclusion in the ilmenite sample. Additional sample selection was performed in order to obtain a range of Fe203/ FeO ratios, and as wide a range of geikielite and hematite contents as possible.
The ilmenite fragments were then gently ground, in order to avoid oxidation, in an agate "spex" mill. An aliquot of the fine powder was subjected to acid treatment to check for the presence of carbonate, and none of the data reported here was collected on carbonate-bearing powders. Microprobe analyses of the selected ilmenite samples are presented in Table 1 .
The peridotite samples were sectioned and checked closely for the presence of hydrous phases and glass. We endeavoured to exclude this type of material from the samples chosen for study, but a very minor amount may have been incorporated. The bulk peridotite was finely and slowly ground in an agate "spex" mill. Analyses of the constituent minerals are presented in Table 2 . It should be noted that the two samples representative of the type A peridotite suite consist of chrome-rich diopside vein in a peridotite host. The features to note of the mineral compositional data are the Mg-Cr-rich nature of the olivine-pyroxenespinel assemblage of type A samples compared with the Fe--Al-rich phases forming the type B peridotites (see also Frey and Prinz (1978) for more detailed descriptions).
Results
The data obtained for the type A peridotites from San Carlos are presented in Table 3 and displayed in Fig. 1 . Note
